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What is the “duration” of Swiss direct real estate?
Abstract
Purpose - Computing the duration of real estate assets is a challenging task due to the particularities of
the property market. This paper aims to develop an empirical model to compute the interest-rate
sensitivity of direct real estate assets in the Swiss multifamily housing market.
Design/methodology/approach - An aggregated total return index is used to empirically estimate the
interest-rate sensitivity of the underlying assets in a dynamic DCF model. No instantaneous change is
computed but a long-run price adjustment.
Findings - The long-run sensitivity is computed to be roughly 4.5 per cent. The value is found to be
statistically significant at the 1 per cent level. The model is estimated over two different time periods
and the estimate remains significant over both periods with value changing marginally. Potential
reliance of trends when forming expectations is found to be present.
Research limitations/implications - One limitation is that the computed value is valid for a portfolio
having a similar composition with the index used for the empirical estimation.
Practical implications - The value of the interest-rate sensitivity places Swiss direct real estate assets
within the European range. The value may be used to compute the risk-based capital of an institutional
investor in as far as the portfolio is similar in composition with the index.
Originality/value - The use of the dynamic DCF model allows one to split the changes in asset prices in
changes from interest-rates and changes from cashflows. No value was previously available for the
market of Swiss multifamily properties.
What is the duration of Swiss direct real
estate?
- Working paper -
Mihnea Constantinescu∗
Swiss Banking Institute
University of Zu¨rich
CH–8032 Zu¨rich, Switzerland
February 27, 2009
Abstract
The appeal of the duration concept comes from its simplicity and
wide-use in portfolio immunization. Various duration measures are
available for fixed income securities with predefined cash flows or
interest-rate dependent cash flows. Real estate shares some features
with fixed-income securities (relatively stable cash-flows) but it also
has very distinct properties (no fixed maturity, possibility to ”up-
grade” the asset through investment). Furthermore Swiss rental real
estate is particular within the real estate universe due to the exist-
ing legal restriction of the rent revising process. This implies that
the standard duration measures developed for bonds need some ad-
justments when used with real estate assets. In this paper I try to
develop an empirical measure of interest rate sensitivity for the Swiss
direct residential real estate market starting from the dynamic DCF
model of Campbell and Shiller. The estimated long-run sensitivity
of direct real estate investments as proxied by the IAZI index with
respect to the Swiss Confederation bond yield is of -4.5%.
∗e-mail: constantinescu@isb.uzh.ch
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1 Introduction
Duration is a measure of how long it takes for the price of a vanilla bond
to be repaid by its cash-flows. It is computed as a weighted average of the
times that payments are made with weights given by the present value of
the payments. It is measured in years and it can be used to evaluate the
exposure of the bond’s value to fluctuations in interest-rates. Bonds with
short maturities face less interest rate risk than bonds with long maturities.
The risk arises from not knowing the price at which one might sell his bond,
if needed, before maturity. The further into the future the maturity, the
greater the uncertainty and thus the risk carried by that bond. If an investor
acquires a bond exclusively for its cash flows and does not face any potential
need to sell the bond before maturity then the risk he faces is only that
related to reinvesting the received cash-flows. Macaulay defined duration as
D =
i=N∑
i=1
PV (ti)ti
PV
(1)
where PV (ti) is the present value of the payment made at time ti and N
is the bond’s maturity. When the Macaulay duration is divided by (1 +
yield-to-maturity) one obtains the modified duration
Dm =
D
1 + Y TM
(2)
This measure of duration is very important as it represents the bond’s price
sensitivity with respect to its YTM. The approximate relation is:
∆P ≈ −DmP∆y (3)
where P is the bond’s price and y is the bond’s yield. Once the modified du-
ration is computed one can more easily understand the amount of risk borne
by the bond. Once the concept is extended to a portfolio of fixed-income
securities the idea of portfolio immunization can be implemented.
Bonds with embedded options have cash-flows depending on the level or dy-
namic of interest rates. In this case the definitions of duration and modified
duration as given previously are no longer valid. Two measures have been
developed to asses the interest-rate sensitivity in this case, namely empirical
and effective duration. The empirical duration is a measure of interest-rate
sensitivity based on observed(historical) data. It is estimated statistically by
regressing usually relative changes in prices on absolute changes in yields.
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This duration measure was used in estimating the interest-rate exposure of
mortgage-backed securities (cite DeRosa). Effective duration tries to eval-
uate the interest-rate sensitivity using other tools, namely simulations. A
model for the interest-rates and for the embedded option is used; through
Monte-Carlo simulations one obtains an effective duration by taking into ac-
count the expected reaction of the cash-flows with respect to a change in
interest-rates (if rates decrease then cash-flows might stop in the case of put-
table mortgages). This was used for bonds with call or put options (cite
Fabozzi).
In all the previous cases the bond’s value and cash-flows depend exclusively
on the interest rates. Evaluating the interest-rate sensitivity in these case is
relatively straightforward as one knows with a fair degree of certainty which
variables to use in the regression (in the case of empirical duration) or which
option to model (in the case of effective duration). When cash-flows and
values depend on other economic variables or several inter-related options
are present, the issue becomes a bit more complex. Real estate is one such
asset: it has relatively stable cash-flows (as compared to equity) which can
depend both on the market state and on inflation for example (see inflation-
indexed contracts in the US and Switzerland or upward-only contracts in the
UK). Real estate values will therefore depend on interest-rates through the
discount factor and through its impact on cash-flows but it will also depend
on market forces or other variable (construction costs, inflation, etc.) Identi-
fying the important variables and the mechanism through which they affect
present values is the ”conditio sine qua non” for a proper evaluation of the
interest-rate sensitivity for a real estate asset.
1.1 Brief overview of the Swiss rental market
One of the features which renders the real estate asset distinct from the
other investment assets is that it has a dual nature being at the same time
an investment asset and a consumption good. Investors are interested in its
investment features whereas families and individuals are interested in both
its consumption and investment characteristics in the case of ownership or
just in consumption for those renting. This implies that in the case of rental
housing, demand will come through two different channels motivated by rel-
atively different preferences. One of the demand channels is represented by
the needs of the those buying real estate to rent it (the investment channel).
This channel reveals the preference for the investments qualities offered by
the real estate asset. The second channel is represented by the demand of
individuals who want to rent real estate to consume its housing flows (the
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consumption channel) and so indicates the preferences for the rental real es-
tate good. Anderson (Anderson et al., 1993) indicates that Swiss pension
funds hold 19% of their wealth in real estate. The same study shows that
insurance companies hold 21% of their wealth in real estate. The interest
of institutional investors in real estate is focused mainly on the inflation-
hedging characteristics of this asset class [cite Hoesli RE as infl hedge] and
also on its stable cash flows. The stable cash flows are an extremely useful
feature for investors who need to match the streams from their assets with
those to their liabilities.
The influence of the consumption channel is particularly important in the
Swiss market. With almost two thirds of the Swiss renting, the consumption
pattern of housing services in Switzerland shows a particular strong prefer-
ence for renting. This inclination for renting coupled with a low vacancy rate
[cite paper on the low natural vacancy rate] can be seen as the main reasons
why real estate provides stable cash flows.
Regulation plays a major role in the determination of allowable rent increases
for existing (or old) rental agreements. Changes in the gross rent are possible
when a set of financial variables selected by the regulator register a change.
An increase of the net rent is allowed when the mortgage rate increases while
an increase of the operating costs is possible when the CPI increases. Even
if the landlord has the possibility to increase his rent he might choose not to
do so if the contractual rent is already high as compared to apartments with
similar characteristics (size, location, attractiveness, etc.) and the increase
might drive out the tenant. The connect to these two financial variables leads
to rents on old contracts departing from market rents (new contract rents).
New contract rents depend primarily on real estate market-specific variables
like production costs, demand and offer of rental housing and the user cost
of renting versus owing. Therefore they have a dynamic different from that
of contractual rents which move primarily with mortgage rates and inflation.
The gap between contractual and market rent can be closed by total reno-
vation of the property when the discounted value of expected rent increase
minus renovation costs is positive (renovation option).
The brief presentation of the Swiss rental housing market shows that this
asset has cash flows with several embedded options some depending on the
dynamics of interest rates and some depending on the state of the market.
This raises the question if one can use the concept of duration with real
estate. Clearly the traditional measures of duration used for fixed-income
securities (Macaulay or the modified duration) need to be amended for real
estate. The presence of the above-mentioned options and the lack of a clear
value for the maturity of the asset invalidate the use of the Macaulay du-
ration. Making some assumptions about the maturity of real estate, one
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answer could be given by the effective duration. The effective duration is
a discrete approximation of the change in the bond’s value given a change
in the yield where the value of the bond is computed using some model for
the embedded option. This measure is used (as mentioned in the previous
section) to evaluate the duration of mortgages that have a prepayment op-
tion. Given a change in the discount-rate (yield) one can then determine how
the entire bond value changes given the option-linked changes in the cash-
flows. If for example interest rates decrease then borrowers will put back
the mortgage to refinance at the lower rate. This means that the cash flows
stop and the initial value of the bond changes when the borrows decide to
exercise their put option. The change in the discount rate is the only driver
of both cash-flow and value changes. In the case of real estate, the discount
rate causes changes in values and changes in cash flows (due to the presence
of options) yet changes in cash flows and values are also caused by existing
market forces (the level of vacancy, the possibility to buy instead of renting,
etc). As several options are present with dynamics potentially interlinked (a
fall in the interest-rate leads to a fall in rents but also to a fall in the financ-
ing costs of a potential renovation) the use of the effective duration requires
that all options be modeled. Even if this a priori complex exercise is solved
one sees that effective duration is a feasible solution when the discount rate
is the only variable that controls the exercising of the options. In the case of
Swiss real estate, the triggers are the discount rate but also the construction
costs (for the renovation option) or some strategic considerations existing in
the interaction between tenant and landlord (for the interest rate option).
These arguments indicate that a different measure of interest rate sensitivity
is needed for Swiss rental real estate.
2 Existing literature
Two distinct streams of literature have been identified. The classification
is done according to the tools used in assessing the duration figure. One
stream deals with the duration of real estate in a standard DCF setting (these
models look mostly at commercial real estate). The value of the real estate
asset is given by the discounted value of its future cash-flows. The cash-
flows are modeled according to the most pervasive contractual provisions
while a constant growth parameter is assumed to model the market rent.
The discount factors are fixed over the term of the investment and are set
according to the then-prevailing market consensus. The contractual rent is
increased to the market market at predetermined time-periods (usually after
5
periods of 5 years in the case of U.K. properties). The Macaulay duration
is then computed as the derivative of the PV with respect to the discount
factor. This analytical approach has the advantage that it identifies the
constituents of duration (as in Hartzell et al. (1988)) and that it allows the
determination of duration according to the provisions present in the rental
contract(as in Ward (1988) and Hamelink et al. (2000)). In the case of U.K.
commercial property Hamelink et al. show that
• Duration increase with the term to reversion of the property: the longer
it takes until the next rent review the higher the duration.
• Duration increases with the gap between market rent and contract rent.
• Duration and the inflation flow-through are inversely proportional.
Given historical averages of the discount rate, of the growth of the market
rent and of the inflation flow-through Hamelink et al. compute a duration
of 3.57 for the U.K. property. A straightforward regression aims at double-
checking this number: the result of the their regression model is 3.036 using
the log of the Blundell-Ward de-smoothed version of the IPD index regressed
on a constant plus the log of the discount rate. Hartzell et al. differentiate
between a perfect market regime and a market frictions regime. The authors
then investigate the impact of the two market structures on the effective
duration of U.S. commercial property. Their results indicate that:
• Effective duration increases with the lease term of the property.
• Investors have some control over the duration of the asset through the
lease contracting process.
Table (1) gives an overview of the results from the mentioned studies. The
framework used by both Hamelink et al. and Hartzell et al. is nevertheless
a bit more difficult to implement for the Swiss residential market. Resi-
dential property has different types of contractual conditions as compared
to commercial property. Rent reviews are both upwards and downwards
and are driven by the mortgage rate. Reaching the market rent is possible
only through total renovation and is not granted at termination of an ex-
isting contract. Rental contracts can be terminated twice per year provided
a timely notification occurs. The estimated duration using the Hamelink et
al. procedure applies to one property and cannot be extended at a portfolio
level without first looking at its exact composition. The insights that this
methodology offers remain still very useful.
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Study Duration Remarks
Hamelink et al. 3.036 Value from the simple log-log regression
Hamelink et al. 3.15 Value computed using the cross-correlation
between growth and the discount rates
Hamelink et al. 3.57 Value computed with the cross-correlation
between changes in growth and discount rates
Ward 2.77 to 36.05 Duration values depend on the yield
level and on the maturity of the investment
Hartzell et al. 4.0 Given a 10 year lease and a discount rate of
11.3% - in the market frictions regime
Table 1: Duration values - overview of the existing studies
The second stream of literature does not actually deal with duration in a
direct way but looks only at one of its interpretations, namely the interest-
rate sensitivity. Most of these studies identify the interest-rate sensitivity in
a larger macro-economic context. Depending on the methodology employed
and on the data set the results show a clear dependence of the house price on
macro variables (GDP, income per capita), social variables (population and
immigration growth, changes in the family formation habits) and on finan-
cial variables (inflation, credit volume, real and nominal interest rates)[cite
Annet 2005, Terrones and Otrok 2004, Tsatsaronis and Zhu 2004, Sutton
2002]. Most of the above mentioned studies look at the impact of the three
categories of variables mostly on residential property indices or broad mar-
ket indices which include the value of both owned and rented homes. The
methodologies employed are either multiple equation systems or panel re-
gressions and have as primary goal identifying the causes for the observed
price development in a broad macroeconomic analysis. The time frequency is
in many cases yearly with weight placed mainly on the impact of the housing
market on financial stability and long-run growth. A specific analysis of the
rental housing segment offers hopefully a more stable result as it attempts to
isolate the changes in cash flows from the changes in discount rates. Table
2 summarizes some of the findings (Iossifov et al. 2008) with respect to the
interest-rate sensitivity of real estate: The Iossifov et al. (2008) paper of-
fers a clear argumentation for the observed variation in the estimates across
countries. Their best estimate for the interest-rate sensitivity of real estate
is -3.6
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Study Interest-rate sensitivity Remarks
Annet (2005) -0.01 to -0.03 eight countries
Ayuso et. al. (2003) -4.5 Spain
Egert and Mihaljek (2007) -0.002 to -0.015 OECD countries
-0.001 to -0.046 CEE countries
Hoffman (2005) -9.42 Netherlands
Hunt and Badia (2005) -6.0 U.K.
Iossifov et al. -3.6 average over 86 countries
Meen (2002) -1.3 U.S.
-3.5 U.K
Nagahata et al. -0.6 to -4.5 Japan
OECD (2004a) -7.1 Netherlands
Sutton (2002) -0.05 to -1.5
Terrones and Otrok (2004) -0.5 to -1.0
Verbruggen et al. (2005) -5.9 Netherlands
Table 2: Interest-rate sensitivity values - overview of the existing studies
3 Data
The selection of the index measuring the Swiss direct real estate market is
motivated by the recommendations of the SST (Swiss Solvency Test). The
SST is a risk management framework which determines the risk capital an
insurance company needs to hold in order to be able to fully cover its lia-
bilities. Real estate is one of the assets present on the balance sheet of the
insurance companies and therefore a measure of interest rate sensitivity is
needed in order to estimate any potential mismatch between the investor’s
assets and his liabilities.
The performance of the direct real estate market is measured by the SWX
IAZI Investment Real Estate Performance Index (available on www.iazi.ch).
This is quarterly performance index based on transaction data starting in
1987.
For the cash-flows no appropriate index was found. A proxy is used instead,
namely an index of rents provided by the Swiss Statistical Office (BFS). This
clearly introduces some arbitrariness in the analysis as the focus is on net
cash-flows and I have a measure of gross cash-flows. A preliminary look at
the growth rates of the index over time shows that a regime change may have
taken place around 1994-1995 (see figure in the Appendix). This implies that
the stability of the econometric estimate of the interest-rate sensitivity will
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have to be checked over different time periods. Also of interest is the empir-
ical connect between the growth rate in rents and changes in the mortgage
rate and the inflation rate. As the regulation specifies that a change in rents
needs to be announced to the tenant three months in advance (and should
occur only when mortgage rates change) a regression of the rent growth rates
on differences in the mortgage rate (lagged by 3 months) and on the inflation
rate (also lagged by 3 months) should offer an idea on the market dynamic.
The above mentioned regression is performed for the period 1977 to 1993
with results indicating that up to 80% of the volatility in the rental growth
rates was explained by changes in the mortgage rate and by the inflation
rate. After this date the same regression indicates a much lower power of
the model (the R-squared decreases to 30% for the same regression done over
1993 to 2007). This can be seen as an indication that the market dynamic has
changed after 1993. A possible reason for the observed change might be the
revision in the regulatory framework introduced around 1990 which aimed at
sanctioning speculation with real estate assets (if a property is sold within a
year from its purchase than the tax on capital gains is roughly 60Also im-
portant from this brief analysis of the BFS rental index is the estimate of the
inflation pass-through rate in the case of Swiss residential real estate. The
estimated value is 0.29 (p-value below 1%) for the period 1977 to 1993 but
then becomes negative and is statistically insignificant afterwards.
For the discount rate the yield of the 10 year Swiss Confederation bond is
used. This choice is motivated by a term-matching argument: if the in-
vestment is made for a long time period then the discount rate should also
reflect changes in the time-preferences over a more or less equally time frame.
An additional reason for this choice is also that a major renovation, which
changes the quality of the property (and so its required risk-premium), occurs
on average every 15 years.
One important remark is needed here. Duration is usually computed using
the yield of the bond. This is equivalent to using the total return required
for the property: time-discount plus risk-premium. The variation in risk-
premium and its impact on the asset’s value is one thing which here cannot
be properly taken in consideration. On the other hand when the interest
is to include real estate in a larger portfolio containing bonds and other
assets the sensitivity of real estate values to changes in bond yields will be
actually used when computing either expected short-fall or value-at-risk (as
is the case with the Swiss Solvency Test). Thus the interest-rate sensitivity
obtained using bond-yields is the measure one needs in an ALM framework
such as the SST. The sensitivity of the different components of the discount
rate can be evaluated in a theoretical framework as in Hartzell et al.
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All time series are at quarterly levels over the time period 1987 to 2008.
Graphs of the indices’ levels and returns are available in the Appendix.
4 Developing an alternative measure of inter-
est rate sensitivity
The discounted cash flow (DCF) paradigm plays an important role in the
evaluation of real estate assets due to its simplicity and clarity. It also the
starting point of the present study because it shows how the price is related
to the asset’s cash flows and discount rates. The price for a given asset is
computed as PV =
∑T
i=1 E
[
NOIi
(1+ri)i
]
where NOIi stands for Net Operating
Income at time i and ri for the discount rate at time i. One of the most
frequently used assumptions is that the expected discount rates will stay
constant over time. This simplifies the computations as else one would have
to look at the joint distribution of the variables NOIi and ri in order to
compute the expectation of their ratio. The ”constant discount-rate” as-
sumption casts doubt on the validity of the DCF model because it is the
volatility of discount rates that mostly contributes to the asset’s volatility
(Campbell Shiller 87, 88). For real state, cash flows are rather stable and
can be forecasted with some accuracy (given an expected vacancy allowance
they are known with certainty for some time ahead being specified in the
rental contract) but discount rates vary due to the attractiveness and risk
profile of the real estate asset as compared to the other assets trading in the
market. Academic research indicates that real estate returns are to some
degree forecastable and that they do have enough volatility over time (Liu
Mei ’93, ’94) to reject the ”constant returns assumption” frequently used in
the DCF model. Once one recognizes the impact of changing discount rates,
a measure of interest rate sensitivity can be derived by trying to connect
changes in prices to changes in discount rates. In the DCF formula this task
is not possible unless one knows the future distributions of the NOIi/(1+ri)
i
for all the T time periods ahead. Fortunately, Campbell and Shiller (1988)
derived an approximation of the present value model (referred to as the log-
linear approximation) that allows one to compute the price of an asset as a
linear relation between its expected cash-flows and its expected returns. Let
pt, dt and rt be the log-price, the log-rent and log-return respectively at time
t. Campbell-Shiller transform the definition of the log-return and then use
a first-order Taylor approximation around the long-term value of d/p such
that the approximate log-return is written as a linear combination of the
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cash-flows and prices:
rt+1 ≡ log(Pt+1 +Dt+1)− log(Pt)
= pt+1 − pt + log(1 + exp(dt+1 − pt+1))
rt+1 ≈ k + ρpt+1 + (1− ρ)dt+1 − pt
Solving the approximation forward and imposing a terminal condition Cambell-
Shiller connect the log-price to the separate expected values of the cash-flows
and of the discount rates.
pt =
k
1− ρ + (1− ρ)
∞∑
j=0
ρjEt[dt+1+j]−
∞∑
j=0
ρjEt[rt+1+j] (4)
The two linearization constants k and ρ depend on the log values of aver-
age rent and return and Et[x] is the expectation of the random variable x
conditional on the information available at time t. One can see from (4)
that a change in the price (say pt+1 − pt) will actually be the continuously-
compounded return provided by the asset over the period [t, t + 1]. In an
efficient market with rational agents this return will depend on the revision
in expectations that occur from time t to time t+1. Several studies (Geltner-
Mei, Liu-Mei+ studies on the Granger causality of indirect on direct markets)
show that real estate markets are not as efficient as the equity or bond mar-
kets. The sluggishness of the direct market implies that real estate prices
will take a relatively long time to fully incorporate any new information. In
such a market one might expect returns to depend not only on expectations
but also on present and past values of changes in cash flows and on present
and past discount rates. This especially as the literature on behavioral real
estate (cite Diaz) indicates that appraisers and not only anchor on past val-
ues of both rents and inflation when forming estimates for the future. This
conjecture together with the log-linear approximation form the basis of the
econometric model tested with Swiss direct real estate data. The starting
point is an autoregressive distributed lag model (ADL) of the changes in
prices with exogenous variables represented by changes in cash-flows and the
levels of the discount-rate. As previously mentioned the changes in cash-
flows will not be a truly exogenous variable because the discount-rates are
connected to changes in cash-flows through the mechanism described in the
previous subsection (the mortgage rate is highly correlated with the 20 year
yield). The linear structure of the econometric model draws from (4) where
the autoregressive term allows for the possibility of having some form of re-
turn predictability (cite smoothing literature Geltner and write on difference
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between appraisal based and transaction based indices).
xt = α+
p∑
i=1
β1ixt−i +
q∑
j=0
β2jyt−j +
m∑
k=0
β3kzt−k + t (5)
The variables in the model are the quarterly continuously compounded re-
turns computed from the IAZI index (x), the quarterly continuously com-
pounded returns computed from the rental index (y) and the quarterly yield
values of the 20 year Swiss Confederation bond (z). The lag-length selection
procedure is dictated by the data and not imposed a priori (using one of the
Information Selection Criteria such as the Akaike or the Schwartz-Bayesian).
The parameter β30 will be the expected percentage change in the quarterly
IAZI return given a 1% change in the contemporaneous yield when all other
variables stay fixed. Before finding the best specification for the econometric
model the yield data is tested for the presence of an unit root. The aug-
mented Dickey-Fuller test is employed using for the regression a constant
and a trend (the automatic Ng and Perron lag length selection procedure is
used to select the proper number of lags to be included in the test). The
p-value of the test is 0.0084 thus one rejects the null hypothesis of a unit root
(further details on the test are available in the Appendix). The value of the
Durbin-Watson test indicates that all relevant lags have been accounted for
in the ADF test.
A first evaluation of (5) yields disappointing results with respect to β30, the
estimated coefficient of the expected change in the IAZI index with respect
to a 1% change in the bond yield. The standard error is very large rendering
the estimate unreliable. As the yield is autocorrelated of order 2 the model
will include 2 lags of the yield. An F-test shows that the presence of the
t, t − 1 and t − 2 values of the yield have a jointly significant effect on the
IAZI index and thus need to be included in the regression. The estimated
model is given by
rIAZIt = α+ β14r
IAZI
t−4 +
1∑
j=0
β2jr
rents
t−j +
2∑
k=0
β3kr
CHF
t−k + t (6)
If the model is specified without any autocorrelation terms, the Ljung-Box
test and the autocorrelation function of the regression residuals indicate that
something is missing in the model. The choice of the fourth lag for the return
on the IAZI index is thus motivated by the presence of the corresponding
spike in the sample autocorrelogram of the errors. This result is particulary
interesting as the IAZI index is a transaction-based index. The p-values of the
estimated coefficients indicate statistical significance only at the 10% level.
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The parameter values along with the corresponding p-values (in parenthesis)
are given in Table (3). The multi-collinearity of the yield causes the estimates
Parameter Value Std. Error p-value
α 0.05 0.013 (0.0003)
β14 -0.28 0.149 (0.0632)
β20 1.21 0.839 (0.1549)
β21 -1.13 0.859 (0.1911)
β30 -5.52 5.040 (0.2781)
β31 7.19 7.628 (0.3504)
β32 -6.45 4.810 (0.1862)
Jarque-Bera 1.53 (0.4639)
Ljung-Box 24.05 (0.1181)
Durbin-Watson 1.66
R-squared 0.24
Adj. R-squared 0.15
Table 3: Regression results - time period 1995-2008
to be unreliable. At this point a transformation of the model is necessary
in order to obtain some meaningful results for the interest-rate sensitivity.
The estimates for the rent are also fairly unreliable. Recognizing the effect
of multi-collinearity the yield lags can to be rewritten as:
β30r
CHF
t + β31r
CHF
t−1 + β32r
CHF
t−2 = γr
CHF
t + β31(r
CHF
t−1 − rCHFt )
+ β32(r
CHF
t−2 − rCHFt )
with γ = β30 + β31 + β32. At this stage one recognizes that the original data
was not modified, only rearranged (Woolridge). This transformation of the
original model will produce a reliable estimate of the long-run propensity γ:
given a 1% permanent increase in the yield, the IAZI will change by γ%.
The contemporaneous effect unfortunately cannot be estimated with enough
precision. The model will therefore use as explanatory variables rCHFt , r˜
CHF
t−1
and r˜CHFt−2 with
r˜CHFt−1 = r
CHF
t−1 − rCHFt
r˜CHFt−2 = r
CHF
t−2 − rCHFt .
The transformed model now becomes:
rIAZIt = α+ β14r
IAZI
t−4 + β21r
rents
t + β22r
rents
t−1 +
+ γrCHFt + β31r˜
CHF
t−1 + β32r˜
CHF
t−2 + t
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The results from the transformed model are presented in Table (4). The
Parameter Value Std. Error p-value
α 0.05 0.013 (0.0003)
β14 -0.28 0.149 (0.0632)
β20 1.21 0.839 (0.1549)
β21 -1.13 0.859 (0.1911)
γ -4.78 1.586 (0.0041)
β31 -7.19 7.628 (0.3504)
β32 6.45 4.810 (0.1862)
Jarque-Bera 1.53 (0.4639)
Ljung-Box 24.05 (0.1181)
Durbin-Watson 1.66
R-squared 0.24
Adj. R-squared 0.15
Table 4: Regression results using the transformed model - time period 1995-
2008
estimate for γ is now highly significant. The error analysis indicates good
properties of the OLS residuals. No heteroscedasticity can be observed or
any GARCH effects (tests still needed). The appendix contains the graphs
of the time series of residuals and of the squared residuals. The estimate for
γ indicates that a decrease of 1% in the bond yield will be followed by an
approximatively 4.7% increase in the IAZI index. The standard error on the
estimate is 1.5 implying that the 95% interval is [-1.7, -7.7].
One important question at this point is whether this estimate is indeed a
long-run sensitivity. The change in dynamic observed in the rental index
could actually indicate a change also in the asset market which inevitably
means that the estimate for the period 95-08 might not be so reliable when
thinking long term. Therefore the same model is estimated for the entire
period in which the data is available, namely 1988 to 2008. The results of
the model are stable over the entire period (see Table(5)) improving in terms
of their statistical significance. When the model is estimate over the entire
time-span the rent variables become significant at the 5% level. The 95%
confidence interval for γ is now [-2.5,-5.5].
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Parameter Value Std. Error p-value
α 0.04 0.009 (0.0000)
β14 -0.22 0.124 (0.0684)
β20 0.54 0.249 (0.0331)
β21 0.5424 0.246 (0.0689)
γ -4.56 1.049 (0.0000)
β31 -2.77 5.096 (0.5880)
β32 5.12 3.172 (0.1103)
Jarque-Bera 2.81 (0.2453)
Ljung-Box 18.57 (0.4186)
Durbin-Watson 1.91
R-squared 0.22
Adj. R-squared 0.16
Table 5: Regression results using the transformed model - time period 1988-
2008
Time Series T-test value P-value Remarks
CHF 20Y yield -4.133 0.0084 time and constant included
CHF 10 yield -3.696 0.0284 time and constant included
BFS index returns -2.904 0.051 constant included
IAZI index returns -3.44 0.01238 constant included
Table 6: The Augmented Dickey-Fuller unit root tests
Appendix
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Figure 1: The IAZI performance index
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Figure 2: The rental index
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Figure 3: The 20 year yield and the index of mortgage rates
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